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(54) Method for preventing settlement of aquatic fouling organisms 

(57) A method for preventing settlement of aquatic 
fouling organisms on surface of an aquatic structure with- 
out environmental hazard is provided. The method is 
based upon absolutely novel concept to prevent the set- 
tlement by means of thick slime layer, i.e. bio-jelly, depos- 
ited on said surface. The present invention also provides 
a bio-jelly producing agent and a bio-jelly producing paint 
both useful for the present method. Further, the present 
invention provides a novel low toxic antifouiing agent. 
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Description 
Art Field 

The present invention relates to a method tor preventing settlement of aquatic fouling organisms on surface of 
aquatic structures, such as ships or bridges. More particularly, the present invention relates to an absolutely novel method 
to prevent it by means of bio-jelly produced on the said surface. The present invention also relates to a bio-jelly producing 
agent useful for the said method and a bio-jelly producing paint containing the same. The present invention also relates 
to a novel low toxic antifouling agent. 

Prior Art 

When aquatic organisms, such as barnacles, tubeworms, tunicates, bryozoa, oyster, tubeworms and algae settle 
on outer surface of a ship bottom, total weight of the ship and hydraulic resistance are increased and causes to slow 
down cruising speed. It lead industrial problems including shortening of life and increasing of fuel requirement. Many 
method for preventing settlement of such organisms has been investigated, for example, biological method such as 
using natural enemy; a method with a material having property of not to be settled such as copper alloy, and silicone or 
fluoride paint; preventing infiltration of larva with screen; killing the larva by means of. such as, lighting, ultraviolet lighting, 
coloring, sonication, increasing of temperature and limiting oxygen; remove of settled organisms by means of mechanical 
force, such as washing, washing by jet flow, brushing and vacuuming; and chemical or biochemical method such as 
methods using shellfish killing agent, repellent agent and antifouling agent. 

Recently, an antifouling paint containing an antifouling agent becomes popular because it can be easily applied for 
wide range, having high efficiency and easy for treating. The antifouling paint is designed so that the antifouling agent 
is emitted from the paint film into environmental water gradually or the paint film is abraded during the use in order to 
expose the newly developed surface successively. It is pointed out that such antifouling paint may be an environmental 
hazards. Particularly, tin compound, most popular antifouling agent, had been founded to be toxic against marine prod- 
ucts in 1980's. and European and U.S. government began to regulate the use of tin containing antifouling paint. Devel- 
opment of a novel method for preventing settlement of aquatic organisms instead of using tin compound is highly 
desirable. However, no method has been developed except for using a relatively low toxic antifouling agent and many 
people in the art have been studying for low toxic agent instead for the tin compound. 

Summary of the Invention 

It is an object of the present invention to provide a novel method for preventing settlement of aquatic fouling organisms 
on surface of an aquatic structure without environmental hazard. The present invention provides the method basically 
without biocidal antifouling agent. Accordingly, the present invention provides a method for preventing settlement of 
visible size aquatic fouling organisms on surface of an aquatic structure, comprising of a step to produce bio-jelly on the 
said surface. 

On surface of an aquatic structure, such as outer, wall of a ship bottom, a thin slime layer having slimy texture is 
adhered. Conventionally the slime layer has been thought in the art that should be removed as foulant. However, we 
have now made an unexpected discovery that slime layer thickly deposited on aquatic surface, i.e. bio-jelly, is useful for 
preventing settlement of aquatic fouling organisms on the surface. Until now, there has not been any concept to grow 
up and utilize the slime layer for preventing settlement of aquatic organisms such as barnacles, algae, oyster, tubeworms, 
mussels. The inventors founded that providing of a relatively thick slime layer, e.g. a bio-jelly, on surface of an aquatic 
structure is effective to prevent the settlement. 

In the present method, bio-jelly may be produced on surface of a structure by applying a bio-jelly producing agent 
on the surface. Accordingly, another object of the present invention is to provide bio-jelly producing agents which are 
useful for the present method. One of the bio-jelly producing agents of the present invention comprising of a compound 
of the formula: 

A-N=CH-B 

wherein A and B are organic moieties having 3-26 carbon atoms respectively. 
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Preferable compound is a benzylidene aniline derivative of the formula I: 




( i ) 



(X)m 



wherein n and m are integers of 0-5 respectively; X may be same or different and is selected from the group consisting 
of halogen, hydrocarbon or alkoxyl having 1-20 carbon atoms, nitro, amino, hydroxy!, carboxyl, ester, cyano, azo and 
azomehine; Y may be same or different and is selected from the group consisting of halogen, hydrocarbon or alkoxyl 
75 having 1-20 carbon atoms, nitro, amino, hydroxy!, carboxyl, ester, cyano, azo and azomehine. 

Especially useful benzylideneaniline derivatives include the compound of following formula II: 



Z 




(ID 



wherein, X' is selected from the group consisting of hydrogen, halogen, hydroxyl and nitro; Y' is selected from the group 
consisting of hydrogen, chloro and methyl; and Z is selected from the group consisting of hydrogen and hydroxy!; in 
which at least two of X', Y' and Z are simultaneously hydrogen atoms. 

The present invention also provides a bio-jelly producing agent comprising of a compound having a styryl or cin- 
30 namoyl group of the formula III: 



(CH 2 =CH)p R 

(Y-) q xy c=cH>r (,|,) 



wherein X" is selected from the group consisting of hydrogen, carboxyl, hydroxymethyl, aldehyde, carbonyl and amide; 
when X" is carboxyl, it may be an ester or a salt thereof; Y" is selected from the group consisting of halogen, alkyl,' 
halogenated alkyl, alkoxy, carboxyl, ester, cyano, azo, azomethine. amino, alkoxysilyl and alkoxysilyl alky!; R is selected 
from the group consisting of hydrogen, alkyl and halogen; q is an integer of 0-2, p is an integer of 0 or 1 

Another object of the present invention to provide a bio-jelly producing paint composition useful for the present 
method. Accordingly, the present invention provides a bio-jelly producing paint composition comprising of the bio-jelly 
producing agent of the present invention and a binder. 

Yet another object of the present invention is to provide a low toxic antrfouling agent in place of conventional tin 
composition, and an antifouting paint containing the same. Accordingly, the present invention provides an antifouiing 
agent comprising of a compound of the formula IV: 



FT 



55 




(IV) 
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wherein X'" is selected from the group consisting of nitrogen and C-Y"'; wherein Y"' is selected from the group consisting 
of NH 2 , N0 2l SO3H, CHO and COOH; R' is selected from the group consisting of hydrocarbon and alkoxy having 1 -20 
carbon atoms, but when Y " is NH 2 , N0 2 , or CHO, R may be hydrogen. The present invention also provides an antifouling 
paint comprising the same and a binder. 

5 

Definitions 

In the present specification, the term "aquatic fouling organisms" means attached organisms which settle on surface 
of structures in aquatic atmosphere and lead industrial and economical disadvantage. Individuals of which grow up to 
10 visible size. They include animals, for example barnacles, mussels, hydroid, bryoza, tuunicates and tubeworms, and 
plants, for example algae. 

The term "aquatic structure" includes ship bottom, fish-net, race pipe, bridge, sea structures and the like. 

The term "slime layer" means a thin layer of slimy texture consisting of metabolites of a variety of aquatic organisms, 
and deposited on surface erf an aquatic structure. 
15 The term "bio-jelly" means slime layer having a thickness of equal to or more than about 0.3 mm. The term "bio- 

jelly producing agent" means an agent comprising of a compound having an ability to promote deposition of the slime 
and to produce bio-jelly on surface of an aquatic structure. 

The term 'bio-jelly producing paint composition" means a paint composition for aquatic structure having an ability 
to promote deposition of the slime and to produce bio-jelly on surface of an aquatic structure. The term "antifouling 
20 agent" means an biocidal agent for preventing settlement of the aquatic fouling organisms. 

The term "antifouling paint" means a paint for aquatic structure having an biocidal activity to prevent settlement of 
the aquatic fouling organisms. 

Detailed Description 

25 

The present invention provides a method for preventing settlement of aquatic fouling organisms on surface of an 
aquatic structure comprising of a step to produce a thick slime layer, i.e. bio-jelly, on said surface. According to the 
present method, thickness of the slime layer is preferably equal to or more than about 0.3 mm, more preferably about 
0.5-6 mm, and still more preferably, about 1-5 mm. in the present specification, slime layer having thickness of greater 

30 than about 0.3 mm is called as bio-jelly. In the present specification, the thickness of slime layer or bio-jelly is measured 
with a scale after the plate to be measured is out from water and leave it for one hour at room temperature. The slime 
layer or bio-jelly is composed essentially from metabolites of aquatic organisms, especially that of aquatic microorgan- 
isms. Some organisms, such as bacteria and diatoms, can inhabit in the layer and are actually observed there. 

As a chemical material, the layer contains a variety of saccharide, polysaccharide, lipids, glycoproteins and phos- 

35 pholipid. According to the present method, preferred bio-jelly contains a number of polysaccharide. The preferred 
polysaccharide are composed from one or more neutral monosaccharide including rhamnose, mannose, arabinose, 
glucose and the like. More preferably, at least 60 % by weight of the polysaccharide are composed from such neutral 
monosaccharide. 

According to the present method, bio-jelly can be produced on surface of an aquatic structure by means of a paint 
40 containing a kind of compound. Such a compound useful for the present method includes 1,8-cineole, benzylidene 
aniline derivatives and compounds having styrene or cinnamoyl group. When one or more such compounds are applied 
on surface of an structure and put it into aquatic atmosphere, deposition of slime layer on the surface is promoted and 
it becomes thick bio-jelly soon. In the present specification, such a compound is called as bio-jelly producing agent. 

A bio-jelly producing agent of the present invention including a compound of the formula: 

45 

A-N=CH-B 

wherein A and B are organic moieties having 3-26 carbon atoms respectively. 
Preferable compound is a benzylidene aniline derivative of the formula I: 

so 
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(X)m 
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wherein n and m are integers of 0-5 respectively, X may be the same or different and is selected from the group consisting 
of halogen, hydrocarbon or alkoxy having 1 -20 carbon atoms, nitro, amino, hydroxy!, carboxyl, ester, cyano, azo and 
azomethine; Y may be the same or different and is selected from the group consisting of halogen, hydrocarbon or alkoxy 
having 1-20 carbon atoms, nitro, amino, hydroxy!, carboxyl, ester, cyano, azo and azomethine. 

5 Preferably, n and m are 0 or 1 respectively. X is preferably a halogen, such as chloro or bromo; a hydrocarbon, 

especially a saturated or unsaturated aliphatic hydrocarbon having 1-18 carbon atoms which may or may not have a 
side chain, for example ethyl, isopropyl, n-propyl, t-butyl, hexyl, octyl, 2-ethylhexyl, nonyl, decyl, lauryl, stearyl and oleyl; 
an alkoxy, especially saturated or unsaturated an alkoxy group having 1-18 carbon atoms, for example ethoxy, butoxy, 
hexyloxy, octoxy, nonyloxy, stearyloxy, benzyloxy and naphtyloxy; hydroxy; and nitro. 

w Examples of preferable bio-jelly producing agent of the present invention include 4 , -ethy!benzylidene-4-ethyl aniline, 
2'-isopropylbenzylidene-4-butoxyaniline, 4-nonyl benzylideneaniline, 4'-stearylbenzylidene-4-butoxyaniline, benzyii- 
dene-4-nonyloxyaniline, 4'-ethylbenzylidene-4-hexylaniline, 4'-ethoxybenzyl id ene-4-n -octyl aniline, 2 , -butoxybenzyli- 
dene-2-ethylaniline, 4'-naphthyloxy benzytidene aniline. 4-ethylbenzylidene-4-nitroaniiine, S'A-diethylbenzylidene^- 
butylaniline, terephthalidene-di-4-butoxyaniline, di-4-butoxybenzylidene-p-phenylenediamine, benzylidene-4-n-octy- 

75 laniline, 4 , -nonytbenzylidene-4-methoxyaniline, 4'-ethylhexylbenzylideneaniline, 4\4-oleyloxybenzylideneani!ine, 2- 
ethoxy-4'-bromobenzylideneaniline, 4'-hexylbenzylidene-4-octoxyaniline, 4 , -nonyloxybenzylidene-4-nonylaniline, 4'- 
nonylbenzylidene-2-butoxyaniline, benzyl ideneoctyiamine, butylideneaniline, octyiidene-4-hexylaniline, octylidene-4- 
octylaniline, cinnamilideneaniiine and cinnamilideneoctylamine. 

Especially useful benzylideneaniline derivative includes a compound of the following formula II: 

20 



z 



25 




(ID 



30 wherein, X' is selected from the group consisting of hydrogen, halogen, hydroxy! and nitro; Y' is selected from the group 
consisting of hydrogen, chloro and methyl; and 2 is selected from the group consisting of hydrogen and hydroxyl; in 
which at least two of X' t Y' and Z are simultaneously hydrogen atoms. 

In the above compounds of the formula II, especially preferable bio-jelly producing agents include benzylidene ani- 
line, benzylidene-4-chloroaniline, benzyiidene-4-bromoaniiine, benzylidene-4-nitroaniline. benzylidene-4-hydroxy- 
35 aniline, 4'-m ethyl benzylideneaniline, 4'-chloro benzylideneaniline and 2'-hydroxybenzylideneaniline. 

The bio-jelly producing agents of the present invention also includes a compound having a styryl or cinnamoyl group 
of the formula III: 



40 



(CH 2 =CH)p R 

£~\-C = CHX" (III) 
(Y")qA=/ 



45 



wherein, X" is selected from the group consisting of hydrogen, carboxyl, hydroxymethyl, aldehyde, carbonyl and amide; 
when X" is carboxyl, it may be an ester or salt thereof; Y" is selected from the group consisting of halogen, alkyl, halo- 
genated alkyl, nitro, alkoxy, carboxyl, ester, cyano, azo, azomethine, amino, alkoxysilyl and alkoxysilylalkyl; R is selected 

so from the group consisting of hydrogen, alkyl and halogen; q is an integer of 0-2, p is an integer of 0 or 1 . 

The compounds defined as above formula III can be divided into two categories, one of which is a styrene derivative 
wherein x" is hydrogen, the other is a cinnamoyl derivative wherein X" is a carboxyl (cinnamic acid), a hydroxymethyl 
(cinnamic alcohol), an aldehyde (cinnamic aldehyde) or an amide (cinnamic amide). 

The aromatic ring of the compound or the carbon atom bonded directly to the aromatic ring may have a substituting 

55 group. The aromatic group may have an unsaturated ethylenic substrtuent, such as vinyl to provide for example divinyl 
benzene (p=1). It may have another substrtuent (Y M ) which may be the same as above. When q is 0, Y" represents 
hydrogen. The number of substrtuent Y" is preferably equal to or less than 2. When Y" is a halogen, it may be any one 
of F, CI, Br and I, however, CI or Br is preferable. When Y" is an alkyl, it may be saturated or unsaturated, branched or 
unbranched an alkyi, a cycloalkyl or an aralkyl having 1 -1 8, preferably 1-12, more preferably 1 -1 0 carbon atoms. Higher 
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number of carbon atoms or substituents is not preferable since molecular weight per styryl or cinnamoyl group (equiv- 
alence) is too high. The alkyl group may be substituted by a halogen. Another examples of Y" include nitro, cyano, 
azomethine, azo, alkoxy and alkoxysilyl. When Y" is an alkoxy or an alkoxysiiyl, an alkoxy having 1-2 carbon atoms is 
preferable. The alkoxysilyl may be an alkoxysilylatkyl, and the alkyl moiety has preferably 1-2 carbon atoms. The sub- 

5 stituent Y" may be a reactive group, for example, hydroxyl, carboxyl, amino, ammonium, sulfonate, phosphonium and 
sultonium, and in case of carboxyl group, it may be an organic or inorganic salt, or an ester thereof. The onium or carboxyl 
group is important for controlling characteristics of the bio-jelly producing agent including ion property, compatibility with 
another additives of the paint into which the agent is incorporated and affinity with the base resin of the paint in order 
to control the quality of the paint composition to meet the condition of surrounding water and required emission. As well 

10 as the onium or carboxyl group, when Y" is an alkyl, an alkoxyl or an ester, the length of the alkyl moiety or the ester 
residue is important for controlling affinity, lipophilic character and compatibility of the bio-jelly producing agent in order 
to control emission or releasing character of the paint composition. 9 

R is selected from the group consisting of hydrogen, alkyl, phenyl, halogen and the like, and typically, is hydrogen. 
When R is an alkyl, it may be a cycloalkyl or an aralkyl having 1-18, preferably 1-9, and more preferably 1-3 carbon 

is atoms, and typically is methyl or ethyl. When it is a halogen, it may be chloro or bromo. The number of the substituent(s) 
is equal to or less than 2, and preferably 0 or 1 . P is 0 or 1 , especially 0. 

The molecular weight of the compound having a styryl or cinnamoyl group used in the present invention is about 
100-800, preferably is 100-600. When the molecular weight is higher than 800, thickness of slime layer is decreased 
and bio-jelly formation may be insufficiently. In addition, not only molecular weight, but also styryl equivalent or cinnamoyl 

20 equivalent is preferably about 100-600. 

When the bio-jelly producing agent of the present invention is a cinnamic acid derivative, it may be an ester or a 
salt. Especially, the cinnamic acid ester is efficient for deposition of bio-jelly. The preferable ester is an ester with branched 
or unbranched alcohol having 1-18, more preferably 1-12, especially 1-10 carbon atoms. 

The salt may be either organic or inorganic. Examples of inorganic salt include salt of alkaline metal such as Na 

25 and K, alkali earth metal such as Ca and Mg, ammonium, Mn, Zr(O), Al, Zn and Fe. Examples of organic salt include 
salt of amins, alkanol amins, pofyamines and N-heterocyclic compounds such as imidazoline. 

The bio-jelly producing agents of the present invention are commercially available or may be synthesized according 
to conventional process. 

The bio-jelly producing agent of the present invention may be incorporated into an appropriate paint composition 
30 and apply the same on surface of an aquatic structure. Unlike tin compounds, the bio-jelly producing agent of the present 
invention does not become environmental hazard, therefore it may be used as a paint composition for fish net by dis- 
solving or suspending it into an appropriate solvent and if necessary, adding an appropriate polymer. 

The present invention also provides a bio-jeliy producing paint composition comprising the above defined bio-jelly 
producing agent and binder resin. 
35 A binder resin suitable for the paint composition of the present invention has glass transition temperature (Tg) of 
15-120 °C, more preferably of 25-100 °C, number-average molecular weight of 1000-50000, more preferably of 5000- 
30000, and hydroxyl number of 0-1 00 mg KOH/g, more preferably of 0-80 mg KOH/g. The above range of Tg contributes 
to strength and abrading characteristics of the paint film which is also preferable as conventional antifouling paint. 

When the Tg is lower than 1 5 °C, the paint film becomes too soft to keep itself from peeling into water during cruising 
40 of the ship. When the Tg is greater than 120 °C, some cracks may spread on the paint film. 

When the number-average molecular weight is lower than 1000, desired strength of the film cannot be obtained. 
When it is greater than 50,000, viscosity of the paint will be higher and excess solvent will be required in order to keep 
a definite viscosity 

When the hydroxyl number is greater than 1 00, sea water may invade inside of the paint film and too much amount 
45 of bio-jelly producing agent may be released into the water, and therefore, antifouling activity cannot be kept for enough 
term. 

Examples of the binder resin which can be used in the present invention include acrylic, polyester, alkyd, vinyl, 
epoxy, urethan and urea resins. 

The bio-jelly producing paint composition of the present invention may contain the bio-jelly producing agent prefer- 
so ably 1 5-75 %, more preferably 20-60 % by weight of solid component of the composition. The composition also contains 
the binder resin preferably 20-70 %, more preferably 30-60 % by total weight of the composition. 

In addition to the^bio-jelly producing agent and binder resin, the paint composition of the present invention may 
comprise another ingredients including appropriate diluent, for example water, alcohol, alkyl glycol, cellosolve, acetate 
ester, xylene, toluene or ketone, extender pigment for example talc, coloring pigment and hardening agent. Further, the 
55 composition of the present invention may be added an amount of known antifoulant, pesticide or herbicide within the 
range which do not inhibit produce of bio-jelly. 

The paint composition of the present invention may be applied on a structure by any one of the methods known in 
the art, for example painting, soaking or spraying. 
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The bio-jelly produced on a structure are peeled gradually by mechanical forth due to such as wave or cruising of 
the ship, and new bio-jelly is then produced. To facilitate the reproducing of the bio-jelly, it is preferred that the paint film 
itself are abraded gradually due to cruising or wave and new paint surface are revealed successively. On this newly 
revealed paint surface, deposition of bio-jelly is better than the old one and thick layer of bio-jelly may be obtained again 
5 within a short time. 

Such an abrading character of the paint composition is estimated by degree of film consumption. In the present 
specification, the degree of film consumption is determined as follows. Test composition is applied on an acrylic resin 
disk and dried overnight at room temperature so that the thickness of the dried film is around 200 ^m. Initiation paint 
film thickness (d 0 ) of the dried disk was determined exactly with a roughness meter. The painted disk is rotated in sea 

70 at the peripheral speed of 30 knot for one month, then, the thickness of the paint film (d^ was determined with the 
roughness meter. The difference between the d 0 and di (i.e. d^o) was determined as degree of film consumption. The 
bio-jelly producing paint showing the degree of film consumption of 2-40 \im is useful for the present invention. 

Yet another object of the present invention is to provide a low toxic novel antifouling agent which can take place of 
tin compound and an antifouling paint composition comprising the same. Accordingly, the present invention provides a 

is antifouling agent comprising of a compound of the formula [IV]: 



25 In the formula [IV], X'" is nitrogen (N) or C-V". wherein Y'" is NH 2 , S0 3 H, CHO or COOH. That is, when X*" is 

nitrogen, IV represents pyridine ring, when Y"' is NH 2 , IV represents aniline ring, Y ,M is N0 2 . it represents nitrobenzene 
ring, Y"' is S0 3 H. it represents benzenslufonic acid ring, Y'" is CHO. it represents benzaldehyde ring, and Y'" is COOH, 
it represents benzoic acid ring. 

Ft' is selected from the group consisting of hydrocarbon having 1 -20 carbon atoms, such as branched or unbranched 

30 alkyl group including methyl, ethyl, hexyl, octyl, nonyi, decyl, undecyl, dodecyl and stearyl; cycloalkyl such as cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl and cyclododecyl; alkenyl such as propenyl, butenyl, hexenyl, octenyl 
and dodesenyl; and aryl such as phenyl, tryl, xylyl, and naphthyl; and alkoxy having 1 -20 carbon atoms such as ethoxy, 
nonyloxy, oleyl. Among the substituents, a hydrocarbon and an alkoxy both having 6-12 carbon atoms are preferable for 
antifouling ability and controlling emission. 

35 The substituent R' may be at ortho- or para-, preferably para- position to the X ,M in the formula of [IV]. 

When the formula IV represents an aniline, nitrobenzene, or benzaldehyde ring, FT may be a hydrogen atom since 
the unsubstituted compounds were shown to be also effective for settlement prevention and appropriate emission into 
sea water. Except for the aniline, nitrobenzene and benzaldehyde derivatives, a compound of IV wherein FT is hydrogen 
atom is difficult to be used as antifouling agent since its emission is too much to keep desired durability. 

40 FT may be a halogen atom such as fluorine, chloro or bromo. 

Examples for the compound of IV include 2-methyl pyridine, 4-ethylpyridine, 4-hexylpyridine, 4-octylpyridine, 4-non- 
ylpyridine, 4-decylpyridine, 4-laurylpyridine, aniline, 4-ethylaniline, 4-hexylaniline, 4-octylaniline, 4-nonylaniline, 4-decy- 
laniline, 4-dodecylaniiine, 4-ethylnitrobenzene. 4-octyl benzenesulfonic acid, 4-ethylbenzenesulfonic acid, 4- 
hexylnitrobenzene, 4-octylbenzaldehyde, 4-nonylbenzaldehyde, 4-ethylbenzenesulfonic acid, 2-octylbenzoic acid, 4- 

<s hexyloxy aniline, 4-nonyloxypyridine, 4-hexyl-2-chloro aniline, 4-ethoxy-2-chloroaniline, 4-nonyloxyaniline, 4-decyfben- 
zoic acid, 4-oleylaniline and 4-stearylaniline. 

Among the above compounds, 4-hexylpyridine, 4-octyl pyridine, 4-nonyipyridine, 4-decylpyridine. 4-laurylpyridine, 
4-hexylaniline, 4-octylaniline, 4-nonylaniline, 4-decylaniline, 4-dodecylanilIne, 4-octylbenzenesulfonic acid, 4-hexylni- 
trobenzene, 4-octylbenzaldehyde, 4-nonylbenzaldehyde, 2-octylbenzoic acid, 4-hexyloxyaniline, 4-nonyloxypyridine, 4- 

so hexyi-2-chloroanrline, 4-nonyloxyaniline and 4-decylbenzoic acid are preferable. 

The compounds of the formula IV are commercially available or may be synthesized according to conventional 
process. 

When the compound of the formula IV has a carboxyl or sulfonic acid moiety, it may be a salt thereof. 
Examples of sail include salt of alkaline metal such as Na and K, alkali earth metal such as Ca and Mg ammonium 
55 Mn. Zr(O), AJ, Zn and Fe. 

When the compound has an aniline or pyridine ring, it may be a hydrochloride salt. 

As an antifouling agent of the present invention, one or more compound of the formula IV may be used as they are. 
However, in general, a paint film into which the compound of the formula IV is dispersed may be obtained by dispersing 



20 
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the said compound into solution of the resin and a solvent, applying the same on the surface of a structure and drying 
the same. 

An effective amount of the compound of formula IV is 3-70 %, more preferably, 5-50 % by total weight of the solid 
component of the paint composition. When the amount is less than 3 % by weight, desired antifouling effect cannot be 
5 obtained. When the amount is greater than 70 % by weight, paint film formation is inhibited and enough strength cannot 
be obtained. 

In particular, the antifouling agent of the present invention can be used as an antifouling paint by adding into an 
appropriate paint composition for a surface of an aquatic structure. 

That is, the compound of the formula IV may be used to prepare antifouling paint composition by dissolving or 
io dispersing into an appropriate solvent and if desired, adding a binder resin and may be applied on, for example, ship 
bottom or as a paint for fish net. 

Examples for binder resin which is preferred to use with the antifouling agent of the invention is the same as above 
mentioned binders, The amount of the compound of formula IV may be 3-70 %, more preferably 5-50 % by total weight 
of solid components of the paint. 
15 The antifouling paint of the present invention, in addition to the antifouling agent and the binder, may contain appro- 

priate diluent, such as water, alcohol, alkyl glycol, cellosolve, acetate, xylene, toluene and ketone; loading agent such 
as talc; coloring agent and curing agent. 

In addition, the antifouling paint of the present invention may contain known antibiotics, pesticides or herbicides 
within the range which do not affect the antifouling activity of the compound of formula [IV]. 
20 The antifouling paint of the present invention may be applied on surface of an aquatic structure by any known method 

including painting, soaking and spraying. 

To further illustrate this invention, and not by way of limitation, the following examples are given. 

EXAMPLES 

25 

Example 1 

A bio-jelly producing paint composition was prepared by mixing 20 g of butyral resin, 25 g of xylene. 5 g of n-butanol 
and 15 g of bio-jelly producing agent, 1 ,8-cineole homogeneously. The paint was applied on surface of an acrylic plate 
so (300 mm x 100 mm x 2 mm) and dried so that the thickness of the paint film is about 200 jim. The plate was soaked 
into sea at the temperature of 12-18 °C. After 2 weeks, 1,2,4, and 8 months, thickness of slime layer (bio-jelly) deposited 
and amount of aquatic fouling organisms settled on the surface of the plate was determined. The results are shown in 
table 1 . 

35 Comparative Example 1 

A paint composition similar to example 1 with the exception of using 7 g of tributyltinoxide (TBTO), a conventional 
tin antifoulant, instead of 1 ,8-cineole was prepared and determined its properties according to the procedure of example 
1 . The results are shown in table 1 . 

40 

Comparative Example 2 

A paint composition was prepared by dissolving 20 g of butyral resin into 40 g of xylene. The properties of the paint 
were determined according to the procedure of example 1 . The results are shown in table 1 . 

45 

Comparative Example 3 

The same acrylic plate used in example 1 was soaked into sea at the temperature of 1 2-1 8 °C. After 2 weeks, 1,2, 
4, and 8 months, thickness of slime layer (bio-jelly) deposited and amount of aquatic fouling organisms settled on the 

50 
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surface of the plate was determined. The results are shown in table 1 . 

TABLE 1 



SETTLEMENT PREVENTION 




2 weeks 


1 month 


2 months 


4 months 


8 months 


Example 1 


1/0 


2/0 


2/0 


3/0 


2/0 


Comparative Example 1 


<0.1/0 


<0.1/0 


<0.1/0 


<0.1/0 


<0.1/0 


Comparative Example 2 


<0.1/5 


<0.1/15 


<0.1/100 


<0.1/100 


<0. 1/100 


Comparative Example 3 


<0.1/5 


<0.1/10 


<0.1/70 


<0.1/100 


<0.1/100 


thickness of slime layer(bio-jelly) (mm)/settlement of fouling organisms (area %) 



75 



Determination of sugar component of bio-ieHv. 



20 Bio-jelly or slime layer obtained in example 1 or comparative example 2 was removed and filtrated, and then purified 

by recrystallization with methanol. One hundred twenty mg of the each purified samples was putted into a tube and one 
ml aliquot of 4M trifluoroacetic acid was added. The tube was sealed under reduced pressure, and the sample was 
hydrolysed for 6 hours at 1 00 °C. Resulted product was dried under vacuo and dissolved into 1 ml of water. The solution 
was injected into HPLC and the peak area and retention time were compared with that of standard sample to determine 

25 and quantify the sugar. The result is shown in table 2. 



TABLE 2 



saccharide components of bio-jelly (wt %) 


monosaccharide 


Example i 


Comparative Example 2 




2 weeks 


2 months 


2 weeks 


2 months 


rhamnose 


20.5 


17.9 


10.2 


8.1 


ribose 


1.6 


2.7 


3.8 


3.2 


mannose 


8.1 


11.8 


4.2 


3.6 


fructose 


4.0 


3.1 


4.5 


7.2 


arabinose 


5.7 


5.7 


36.9 


42.8 . 


galactose 


4.8 


10.8 


3.2 


2.2 


xylose 


0.6 


0.9 


10.2 


16.3 


glucose 


57.9 


47.1 


27.0 


16.6 



Example 2 fontitpiotic activity) 



(1) Preparation of medium: 

Two per cent solution of the determination disk medium (kyokulo kabushiki kaisha) in water was sterile at 
120 °C for 30 minute. Into five parts by weight of the solution, one part by weight of culture of mixed bacteria com- 
prising of ftflgiHus sp.. Vibrio sp., and Salmonella sp. in bouillon medium was added, and the mixture was poured 
into a sterile petri dish to prepare an agar plate. 

(2) Preparation of paper disk: 

1,8-cineole. a bio-jelly producing agent was used as a test compound. The test compound was dissolved in 
acetone. A paper cfisk of 7 mm diameter (TOYO ROSHI, #53) was immersed into the solution to absorb 25 mg of 
the test compound. 
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(3) The paper disk obtained in (2) was dried and putted on the agar plate of (1), and incubated the plate for 5 days 
at 30 °C. Then, diameter of inhibition zone formed around the paper disk was determined and antibiotic activity of 
the bio-jelly producing agent was evaluated. The result is shown in table 3. 

5 Comparative example 4 

With the exception of immersing the disk into acetone without test compound, example 2 was repeated and evaluated 
the background activity. The result is shown in table 3. 

10 Comparative example 5 

An antibiotic activity of TBTO was evaluated according to the procedure of example 2. The result is shown in table 3. 

TABLE 3 



ANTIBIOTIC TEST 


sample 


Control (disk) 


1 ,8-cineol 


TBTO 


diameter of inhibition zone (mm) 


7 


7 


15 



20 



Examples 3-26 

25 A bio-jelly producing paint composition was prepared by mixing 20 g of butyral resin, 25 g of xylene, 5 g of n-butanol 

and 15 g of respective bio-jelly producing agents listed in table 4. The properties of the composition were determined 
according to the procedure of example 1 . The results are shown in table 4. 

Comparative example 6 

30 

A paint composition similar to example 3 with the exception of using 7 g of tin antifouling agent, i.e. TBTO instead 
of the bio-jelly producing agent was prepared, and determined its properties according to the procedure of example 1 . 
The results are shown in table 4. 

35 Comparative example 7 

A paint composition similar to example 3 with the exception of using 1 5 g of cuprous antifouling agent, i.e. cuprousox- 
ide and 5 g of rosin instead of bio-jelly producing agent was prepared, and determined its properties according to the 
procedure of example 1 . The results are shown in table 4. 

40 



45 



50 
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Comparative example 8 

A paint composition similar to example 3 except for not containing any bio-jelly producing agent were prepared, and 
determined its properties according to the procedure of example 1. The results are shown in table 4. 
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Examples 27-44 (antibiotic activity) 

An antibiotic activity of the compound listed in table 5 was evaluated according to the procedure of example 2. The 
results are shown in table 5. 

c 

Comparative example 9 

An anttoiotic activity of cuprous oxide was evaluated according to the procedure of example 2. The result is shown 
in table 5. 

w 

TABLE 5 





Hio-ioilv nrnrii ipinn anoni 


1 1 11 11 L/i 11 \j\ 1 ^unc ^1 ni 11^ 


L A . 1 


*+ cii lyn icAyiutii iz.ymjtii icdi inn its 


/ 


LA. 


*r UlcyiUAyUCI l^yiiUCr ICdl lllll I© 


_ 


LA. C.3 


c cu lUAy ^+ ui *ji 1 luuei i^yiiwd iccti 11111 it; 


7 


LA. OU 


*+ t; 1 1 lUAyuci i<cy ikjcti ic^r 1 t-uoiyidf nil lit? 


f 


LA. O I 


c "utiLUAyuci i^y iiLict ic t cu lyiai mil ic 


1 


Fy 'KO 

LA. 04 


■f "i ictfji in lyiUAyuci liyuutsi icai miner 


•7 

f 


Ex. 33 


4'-ethylbenzylidene-4-nitroaniline 


7 


Ex. 34 


3\4-diethylbenzylidene-4-butyianiline 


7 


Ex. 35 


telephtalidene-di-4-butoxyaniline 


7 


Ex. 36 


di-4-butoxybenzylidene-p-phenylenediamine 


7 


Ex. 37 


benzylidene-4-n-octylaniline 


7 


Ex. 38 


4'-nonylbenzylidene-4-methoxyaniline 


7 


Ex. 39 


4'-ethylbenzylidene-4-ethylaniline 


7 


Ex. 40 


2'-isopropylbenzylidene-4-butoxyaniline 


7 


Ex. 41 


4-nonylbenzylideneaniline 


7 


Ex. 42 


4'-stearylbenzylidene-4-butoxyaniline 


7 


Ex. 43 


benzylidene-4-nonyloxyaniline 


7 


Ex.44 


4-ethylbenzylidene-4-hexylaniline 


7 


Comp. Ex. 9 (CU2O) 


12 



Examples 45-52 

45 

A bio-jelly producing paint composition was prepared by mixing 20 g of butyral resin, 25 g of xylene, 5 g of n-butanol 
and 15 g of respective bio-jelly producing agent listed in table 6 homogeneously. The properties of the compound were 
determined according to the procedure of example 1 . The results are shown in table 6. 

so Comparative example 10 

A paint composition similar to example 45 with the exception of using TBTO instead of the bio-je!ly producing agent. 
The properties of the compound were determined according to the procedure of example 1. The results are shown in 
table 6. 

55 
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Comparative example 1 1 

A paint composition similar to example 45 with the exception of using 1 5 g of cuprous oxide and 5 g of rosin instead 
of the bio-jeily producing agent. The properties of the compound were determined according to the procedure of example 
5 1 . The results are shown in table 6. 

Comparative example 12 

A paint composition was prepared by mixing 20 g of butyral resin, 1 5 g of xylene and 5 g of butanol. The properties 
io of the paint were determined according to the procedure of example 1 . The results are shown in table 6. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



14 

BNSDOCID: <EP 0702065A2_(_> 




EP 0 702 065 A2 

Comparative example 13 

A paint composition was prepared by dissolving 20 g of butyral resin into 40 g of xylene. The properties of the paint 
were determined according to the procedure of example 1. The results are shown in table 6. 
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to 



20 



Examples 53-60 (antibiotic activity) 

Antibiotic activity of the compound listed in table 7 was determined according to the procedure of example 2 The 
results are shown in table 7. 

Comparative example 15 

With the exception of immersing the disk into acetone without test compound , example 2 was repeated and evaluated 
background activity. The result is shown in table 7. 



Comparative example 16 

Antibiotic activity of TBTO was determined according to the procedure of example 2. The result is shown in table 7. 
15 Comparative example 17 

Antibiotic activity of cuprous oxide was determined according to the procedure of example 2. The result is shown 
in table 7. 



25 



30 



35 



TABLE 7 





bio-jelly producing agent 


inhibition zone (mm) 


Ex. 53 


benzyl tdeneaniline 


7 


Ex. 54 


benzylidene-4-chloroaniline 


7 


Ex. 55 


benzyl idene-4-bromoaniline 


7 


Ex. 56 


benzylidene-4-nitroaniline 


7 


Ex. 57 


benzylidene-4-hydroxyaniline 


7 


Ex. 58 


4'-methylbenzylideneaniline 


7 


Ex. 59 


4'-chlorobenzylideneaniline 


7 


Ex. 60 


2'-hydroxybenzylideneaniline 


7 


Comp. Ex. 15 (control (disk)) 


7 


Comp. Ex. 16 (TBTO) 


15 


Comp. Ex. 17 (Cu 2 0) 


12 



40 



A Bio-jelly producing paint composition was prepared by mixing 20 g of butyral resin, 15 g ol methylethyl ketone 
45 and 1 5 g of respective bio-jelly producing agents listed in table 8 homogeneously and determined its properties according 
to the procedure of example 1 . The results are shown in table 8. 

Comparative example 18 

50 A paint composition similar to example 61 with the exception of using 7 g of TBTO instead of the bio-jelly producing 
agent was prepared and determined its properties according to the procedure of example 1. The results are shown in 
table 8. 



55 



Comparative example 19 

A paint composition similar to example 61 with the exception of using 1 5 g of cuprous oxide and 2 g of rosin instead 
of the bio-jelly producing agent was prepared and determined its properties according to the procedure of example 1 . 
The results are shown in table 8. 
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Comparative example 20 

A paint composition was prepared by dissolving 20 g of butyral resin into 1 5 g of methyl ethyl ketone. The properties 
of the paint were determined according to the procedure of example 1 . The results are shown in table 8. 

Comparative example 21-24 

♦h , A Composition simi,ar t0 exam P' e 61 with the exception of using xylene, ethylbenzene, vinylcyclohexane and 
ethylcydohexane instead of the bio-jelly producing cinnamoyl compound was prepared and determined its properties 
according to the procedure of example 1 . The results are shown in table 8. 

Comparative example 25 

of 1 o A ?.r P IT h o aVinQ 5126 35 the aCryHC p,at6S ° f abOVe examples was soaked as is int ° ™a * the temperature 
«.tl Si J S ' ' ' 4 ^ 8 m ° nthS ' thickness of s,ime ^r deposited and amount of fouling organisms 
settled on the surface of the plate was determined. The results are shown in table 8. 

Comparative example 26 

20 An acrylic plate same as above examples was soaked as is into sea at the temperature of 12-1 8 -C After 2 weeks 
1 . 2, 4 and 8 months, th.ckness of slime layer deposited and amount of fouling organisms settled on the surface of the 



70 



15 



25 



30 



35 



40 



45 



50 



55 



BNSDOCID: <EP 07Q206SA2J_> 



17 



EP 0 702 065 A2 

plate was determined. The results are shown in table 8. 
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Examples 89-106 (antibiotic activity) 

An antibiotic activity of a compound listed in table 9 was evaluated according to example 2. The results are shown 



Comparative example 27 

An antfciotic activity of TBTO was evaluated according to example 2. The result is shown in table 9. 
™ Comparative example 28 

An antibiotic activity of cuprous oxide was evaluated according to example 2. The result is shown in table 9. 
Comparative example 29-32 



An antibiotic activity of xylene, ethyibenzene, vinylcydohexane or ethylcyclohexane was evaluated according to the 
procedure of example 2. The results are shown in table 9. 
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Comparative example 33 

With the exception of immersing the disk into acetone without test compound, example 2 was repeated and evaluated 
background activity. The result is shown in table 9. 

5 TABLE 9 





bio-jelly producing agent 


inhibition zone (mm) 


Ex. 89 


cinnamic acid 


7 


Ex. 90 


methylcinnamate 


7 


Ex. 91 


ethyl cinnamate 


7 


Ex. 92 


butylcinnamate 


7 


Ex. 93 


n-propylcinnamate 


7 


Ex. 94 


i-propylcinnamate 


7 


Ex. 95 


hexylcinnamate 


7 


Ex. 96 


2-ethylhexylcinnamate 


7 


Ex. 97 


n-octylcinnamate 


7 


Ex. 98 


nonylcinnamate 


7 


Ex. 99 


laurylcinnamate 


7 


Ex. 100 


styrene 


7 


Ex. 101 


divinytbenzene 


7 


Ex. 102 


a-methyl styrene 


7 


Ex. 103 


chlorostyrene 


7 


Ex. 104 


ch loroethy Istyrene 


7 


Ex. 105 


trimethoxysilylstyrene 


7 


Ex. 106 


triethoxysilylstyrene 


7 


Comp. Ex. 27 (TBTO) 


15 


Comp. Ex. 28 (CU2O) 


12 


Comp. Ex. 29 (xylene) 


7 


Comp. Ex. 30 (ethylbenzene) 


7 


Comp. Ex. 31 (vinylcyclohexane) 


7 


Comp. Ex. 32 (ethylcyclohexane) 


7 


Comp. Ex. 33 (control (disk)) 


7 



Preparation of binder resin: 

so Preparation of binder resin A: 

Into a four-necked .flask equipped with a stirrer, reflux condenser and dropping funnel, 69 parts by weight of xylene 
and 9 parts by weight of n-butanol were charged, and the mixture was kept at 1 10-120 °C. Into the vessel, a mixture of 
67 parts by weight of styrene. 21 parts by weight of 2-ethylhexylacrylate, 12 parts by weight of 2-hydroxyethyl methacr- 
55 ylate and 2 parts by weight of azo-bis-isobutyronitryl were added dropwise over 3 hours at uniform rate and then the 
temperature was kept 2 more hours. Then, varnish A, in which solid content of the resin is 53.0%, and number-average 
molecular weight of the resin is 9900, was obtained. (Tg= 40 °C, OH value=50 mgkoh/g; wherein the Tg was determined 
according to J IS K7121-1987) 
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Preparation of binder resin B: 

Into a four necked flask equipped with a stirrer, reflux condenser and dropping funnel, 69 parts by weight of xylene 
and 8 parts by weight of n-butanol were charged, and the mixture was kept at 1 10-120 °C. Into the vessel a mixture of 
45 parts by weight of 2-ethylhexyl methacrylate, 30 parts by weight of styrene, 6 parts by weight of 2-ethylhexyl acrylate 
16 parts by weight of 2-hydroxyethyl methacrylate. 3 parts by weight of methacrylic acid and 2 parts by weight of azo- 
bis-isobutyronitryi was added dropwise over 3 hours at uniform rate and then the temperature was kept 2 more hours 
Then, varnish B, in which solid content of the resin is 56.0%, and number-average molecular weight of the resin is 8600 
was obtained. (Tg= 25 °C. OH value=70 mgkoh/g; wherein the Tg was determined according to JIS K7121 -1 987) 

Preparation of binder resin C-N 

Similar to the procedure for preparing the binder resin B, binder resin C-N listed in table 10 were synthesized. 
15 Examples 107-148 

An antifouling paint composition of the present invention were prepared according to the formulations listed in tables 
11-14, using above obtained varnishes. 
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Comparative examples 34-41 

A paint composition containing no bio-jelly producing agent was prepared with components listed in table 15. 
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TABLE 15 





Comparative Example 




34 


35 


36 


37 


38 


39 


40 


41 


varnish A 


50 


45 


40 


50 










varnish B 










40 


50 






varnish M 














50 




varnish N 
















45 


ethylbenzene 


7.5 








34 








vinylcyclohexane 




22.5 














ethylcyclohexane 






30 












benzyl ideneaniline 














20 


25 


titanium oxide 


20 


20 


15 


20 


15 


20 


10 


10 


indian red 


5 


5 




5 




5 


10 


5 


colloidal silica 


1.5 


1.5 


1.5 


1.5 


1.5 


1.5 


3 


3 


xylene 


16 


16 


13.5 


23.5 


9.5 


23.5 




5 


n-butanol 














7 


7 



The antifouling paint composition prepared as above was applied on surface of an acrylic plate (300 mm x 100 mm 
x 2 mm) and dried so that the thickness of the paint film was about 200 urn. The plate was putted into 1 m depth of sea 
30 at the temperature of 12-18 °C, and observed of amount of settled animals such as barnacles and tubeworms, and 
plants such as algae and green algae by naked eyes and evaluated by % of settled area. The results are shown in table 16. 



35 



40 



45 



50 
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TABLE 16 



5 






settlement prevention 








2 weeks 


1 month 


2 months 


4 months 


6 months 




Ex . 


107 


n t t 

0/1 


0/2 


0/3 


0/3 


0/3 




Ex . 


108 


0/2 


0/2 


0/2 


0/2 


0/2 


10 


Ex. 


109 


a / o 
0 / Z 


A / 0 


A / O 

u / z 


A / 9 
0 / Z 


A / 9 
0 / 5 




r-X . 


t i a 
XX U 


0 / 1 


A / T 

0/1 


All 

0 / 1 


0/2 


0/2 




Ex . 


111 


0/2 


A / O 

0/2 


A / O 

0 / 2 


A / O 

0/2 


A / 1 

0 / 3 




£.X . 




A / T 

0/1 


A / 1 
0/1 


A / O 

o / z 


A / O 

0/2 


A / 9 

0/3 


15 


IT V 

tx . 


XX o 


a / 1 
U / Z 


A / 9 

o / z 


A / *? 
U / Z 


A / 9 
0 / Z 


A / 9 
U / Z 






lit 


A / T 

0/1 


0/2 


A / T 
0 / 1 


0/2 


0/3 




Ex . 


TIC 

115 


A / T 

0/1 


AM 
0/1 


A 1 T 
U / 1 


A / 9 

0 / 2 


A / 9 

0 / 2 




hx . 


lit) 


A / T 
0 / X 


A / 1 
O / X 


A / 1 
0 / 1 


A / 9 

0/2 


A / 9 

0/2 


20 


ijX . 


XX / 


A / 9 
U / Z 


A / 9 


n / 9 
u / z 


A / 9 

0/ A . ,- .. , ... 


n / 1 




LX . 


no 


A / T 


A / O 

0/2 


A / T 

°/l 


0/2 


A / Q 
0 / J 




£>X - 


T T O 

xiy 


A / O 

0/2 


A / O 

0 / Z 


A / 1 


A / 9 
0 / Z 


A / 9 

0/2 




CiX - 


T 9 A 
XZU 


A / O 

o / z 


A / 9 

0/2 


A / 9 

0 / z 


A / ^ 


A / 9 
0/3 


25 


r.x . 


X Zl 


A / 1 

o/x 


A / T 

U / 1 


A / "3 


A / 1 

0/3 


A / *? 

o/z 




£.X . 


1ZZ 


0/2 


A / O 

0/2 


A / 9 

0 / z 


A / 9 

0/2 


A / 9 

0/2 




£*x . 


TOO 
1Z3 


A / T 
0/1 


A / 1 
0 / 1 


A / 9 
0 / Z 


A / 9 

0/2 


A / 9 
O/Z 




r.x . 


XZ4 


A / O 

o / z 


A / O 

u / z 


A / 9 

o / z 


A / 9 

0/2 


A / 9 

o / J 


30 


£X . 


IZj 


0/2 


A / O 

0 / Z 


A / O 

0-i_2.„. 


A / O 

0 / z 


.p.yj? — 




EjX . 


T O C 
1ZD 


A / T 

0 / 1 


A / "5 

0/3 


A / O 

0 / 2 


A / O 

0/2 


A / O 

0 / z 




hx . 


TO"? 

lz / 


0/2 


A / O 

0/3 


A / O 

0/3 


A / O 
0 / Z 


0/3 




C.X . 


TOO 
I/O 


0/2 


0/3 


0/3 


0/3 


0/2 


35 


Ex . 


129 


0/2 


0 / 2 


A / 9 

o / z 


0/2 


0/2 




r,x . 


T 9. A 
130 


0/1 


0/1 


0 / 1 


0/3 


0/3 




Ex . 


131 


0/2 


A / 9 

0/3 


A / 9 

0/2 


A / 9 

0 / 2 


A / 'a 
0/3 


40 


fcx . 


1 1 9 

liz 


0/1 


A / 1 

0/1 


A / 1 

0 / 1 


0/2 


0/3 


Ex . 


13 3 


\J f i. 


0 / 1 


0 / 2 


0 / ? 


0 / % 




Ex - 


134 


0/2 


0/2 


0/2 


0/3 


0/3 




Ex. 


135 


0/2 


0/1 


0/2 


0/2 


0/3 


45 


Ex. 


136 


0/1 


0/3 


0/1 


0/2 


0/2 


Ex. 


137 


0/2 


0/2 


0/2 


0/2 


0/3 




Ex. 


138 


0/1 


0/1 


0/1 


0/2 


0/2 




Ex. 


139 


0/2 


0/2 


0/2 


0/2 


0/2 


50 


Ex. 


140 


0/2 


0/2 


0/3 


0/2 


0/2 


Ex. 


141 


0/2 


o/i 


0/2 


0/2 


0/2 




Ex. 


142 


0/2 


0/2 


0/3 


0/2 


0/3 
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set t leme 


nt orevenl 


ion 


2 weeks 


1 month 


2 months 


4 months 


6 months 


Ex. 143 


0/1 


0/1 


0/1 




n / o 


Ex. 144 


0/2 


0/3 


0/2 


Oil 


0/3 


Ex. 145 


0/1 


0/2 


0/2 


0/2 


0/2 


Ex. 146 


0/1 


0/1 


0 1 ? 


n / *> 


0/3 


Ex. 14 7 


0/1 


0/2 


0/1 


0/3 


0/3 


Ex. 148 


0/2 


0/3 


0/2 


0/2 


0/3 


Comp . Ex . 
34 


5/0. 1> 


15/0. 1> 




i nn/n is 


lUO/ 0 . 1> 


Comp . Ex . 
35 


5/0. 1> 


15/0. 1> 


40/0. 1> 


100/0. 1> 


100/0. 1> 


Comp . Ex . 
36 


5/0. 1> 


15/0. 1> 


60/0. 1> 


100/0. 1> 


100/0. 1> 


Comp. Ex. 
37 


10/0. 1> 


20/0 . 1> 


75/0. 1> 


100/0. 1> 


100/0. 1> 


Comp. Ex. 
38 


5/0. 1> 


15/0. 1> 


65/0. 1> 


100/0. 1> 


100/0. 1> 


Comp. Ex. 
39 


10/0. 1> 


20/0. 1> 


70/0. 1> 


100/0. 1> 


100/0. 1> 


Comp. Ex. 
40 


0/1 


0/2 


paint was peeling off. 


Comp. Ex. 
41 


0/0.2 


5/0.17 


30/0.17 


100/0.17 


100/0.17 



settlement of fouling organisms (area Z)/ thickness of slime layer (bio- 
jelly) (mm) 

35 



Examples 149-178 

40 

An antifouling paint composition was prepared by mixing 20 g of butyral resin. (BM-2:SEKISUI KAGAKU), 10 g of 
antifouling compound listed in table 16, 10 g of xylene and 5 g of n-butanol. 

Comparative example 42 

45 

An antifouling paint composition was prepared by mixing 20 g of butyral resin, 7 g of TBTO, 10 g of xylene and 5 q 
of n-butanol. 

Comparative example 43 

so' 

An antifouling paint composition similar to comparative example 42 with the exception of using 15 g of cuprous oxide 
and 5 g of rosin instead of TBTO was prepared. 

Comparative example 44 

55 

A paint composition was prepared by dissolving 20 g of butyral resin into 15 g of methyiethylketone. 
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Evaluation 

The respective compositions prepared in examples 149-178 and comparative examples 42-44 was applied on sur- 
face of an acrylic plate (300 mm x 100 mm x 2 mm) and dried to obtain a paint film about 200 thickness. The plate 
5 was soaked into 1m depth of sea at the temperature of 12-18 °C. After 1 , 2, 4, 8, and 12 months, settled animals such 
as barnacles and tubeworms, and plants such as algae and green algae, on the surface of the plate were observed with 
naked eyes. Antifouling effect was determined by % of the settled area. The results are shown in table 1 5. 



10 



TABLE 17 



Example 


antirouiing agent 


e pf 1 1 pm 

O C L. L 1 CIJ 


ent prevention 


± 

month 


months 


/, 
H 

months 


o 

months 


± z 

months 


149 


2-methvl pyridine 


0 


0 


0 


0 


5 


150 • 


4-ethYlPvridine 


0 


0 


0 


0 


5 


151 


4-hexvlpyridine 


0 . 


0 


0 


0 


0 


152 


octylpvridine 


0 


0 


0 


0 


0 


153 


4 -nonvl pyridine 


0 


0 


0 


0 


0 


154 


4-decylovridine 


0 


0 


0 


0 


0 


155 


4-laurvlpyridine 


0 


0 


0 


0 


0 


156 


aniline 


0 


0 


0 


0 


2 


157 


4-ethvlaniline 


0 


0 


0 


0 


5 


158 


4-hexvlaniline 


0 


0 


0 


0 


0 


159 


A-octvlaniline 


0 


0 


0 


0 


0 


160 


4 -nonvl aniline 


0 


0 


0 


0 


0 


161 


4-decvlaniline 


0 


0 


0 


0 


0 


162 


4 -dodecvl aniline 


0 


0 


0 


0 


0 


163 


4-ethylnitrobenzene 


0 


0 


0 


0 


5 


164 


4-octvlbenzenesulf onic acid 


0 


0 


0 


0 


0 


165 


4-ethylbenzenesulf onic acid 


0 


0 


0 


2 


5 


166 


4-hexvlnitrobenzene 


0 


0 


0 


0 


o 


167 


4-octvlbenzaldehvde 


0 


0 


0 


0 


0 


168 


4-nonvlbenzaldehvde 


0 


0 


0 


0 


0 


169 


4-ethvlbenzenesulf on 


0 


0 


0 


0 


5 


170 


4-octvlbenzoic acid 


0 


0 


0 


0 


0 


171 


4-hexvloxv aniline 


0 


0 


0 


0 


0 


172 


4-nonvloxypyridine 


0 


0 


0 


0 


0 


173 


4-hexvl-2-chloroaniline 


0 


0 


0 


0 


0 


174 


4-ethoxv-2-chloroaniline 


0 


0 


0 


0 


5 


175 


4 -nonvl oxy aniline 


0 


0 


0 


0 


0 


176 


4-decvlbenzoic acid 


0 


0 


0 


0 


0 


177 


4-oleylaniline 


0 


0 


0 


2 


6 


178 


4-st.earvLaniline 


0 


0 


0 


0 


5 


comparative example 42 ( TBTO ) 


0 


0 


0 


0 


0 


comparative example 43 (Cu 2 0} 


0 


0 


0 


0 


0 


comparative example 44 


15 


50 


100 


100 


100 
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Examples 179-196 and Comparative examples 45. 46 

A paint composition was prepared by mixing components listed in table 18 (for examples 179-187), table 19 (for 
examples 188-196) and table 20(comparaiive examples 45-46). 



TABLE 18 



w 



15 



30 



35 



Example 


179 


180 


161 


182 


183 


184 


185 


186 


18 7 


acrvlic resin A I} 


25 


















acrylic resin B 2) 




36 






30 










NT-100 31 






55 










4 5 




rubber chloride A) 








30 




30 


25 






4-octvlaniline 


15 


















4 -nony! aniline 




25 
















4-dodecvlaniline 






15 














4-nonvloxvaniline 










20 










4-decylbenzoic acid 






5 


20 












4-octylnyridine 












20 








4 -nonyl pyridine 














20 






4 -decvl pyridine 
















1 s 
< LD 




4 -hexvl nitrobenzene 


















20 


aniline 




















4-octylbenzaldehvde 




















4-nonylbenzaldehvde 




















2- octvl benzoic acid 




















W/W rosin 








5 




5 


7 






titanium oxide 


10 






10 


10 


5 


10 




10 


indian red 


5 


5 


5 




10 


10 




5 


5 


talc 




5 












10 




colloidal silica 


3 


3 


3 


3 


3 


3 


3 


3 


3 


xylene 


35 


27 


15 


27 


25 


22 


30 


17 


12 


butvnol 


7 


5 


2 


5 


2 


5 


5 


5 


5 



1) acrylic resin A: methylmethacrylate/n-butylacrylate/2-hydroxyethyl 
40 methacrylate ■= 50/35/15( wtZ), Mn=30000 

2) acrylic resin B: methylmethacrylate/styrene/ethylacrylate/2-hydroxyethyl 
methacrylate - 50/10/30/10 (wtZ). Mn-25000 

3) NT-100: purchased from NITTO KASEI 

4) rubber chloride: RAR0FLEX MP-45, purchased from BASF 

45 



50 



55 
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TABLE 19 ( g) 



5 


Exampl e 


1 A R 


IRQ 
X O ? 


X ? V 


1 Q1 


1 QO 
X V £. 


1 Ql 

X ? J 


1 QL 




x y d 




acrylic res in A * * 






















acrylic rfis in B ^ ' 




















10 


kit 1 nn 3) 
















*? n 
& u 






ruDber cn.j. orioe 






ZD 




*\ c 
X .> 








15 




4-octylaniline 












30 








15 


4~nonylaniline 


15 


15 




5 














4 -dodecy 1 aniline 






















4 -nonyloxy aniline 


15 




















4 -decyl benzoic acid 




















20 


4 -octyl pyridine 






15 
















4 -nonylpy r idine 






















4 -decyl pyridine 










xu 










25 


4 -hexylni trobenzene 










c 












aniline 




i n 
J.U 










5 








4 -octyl benza Id ehy d e 




















30 


4 -nonyl benza Id ehyde 
















*> A 
























20 




W/W rosin 






7 




15 






15 


15 


35 


titanium oxide 


5 


5 


15 


25 


15 


10 


20 


5 


15 


indian red 


5 


5 


10 


5 


5 


5 


5 


5 


5 




talc 






5 


5 






5 




5 




colloidal silica 


3 


3 


3 


3 


3 


3 


3 


3 


3 


40 


xylene 


17 


22 


20 


17 


27 


17 


17 


27 


17 




butynol 


5 


5 


5 


5 


5 


5 


5 


5 


5 



1) acrylic resin A: roe thy line thacry late /n-butylacrylate / 2-hydroxye thyl 
methacrylate « 50/35/15( wtZ), Mn=30000 

2) acrylic resin B: methylmethacrylate / s tyrene / ethylacrylate / 2-hydroxyethyl 
methacrylate - 50/10/30/10 (wtZ ) , Mn=25000 

3) NT-100: purchased from NITTO KASEI 

A) rubber chloride: RAROFLEX MP-45, purchased from BASF 
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TABLE 20 



w 



15 



Comparative Example 


45 


46 


CuzO 


20 




rubber chloride 


20 


20 


W/W rosin 


10 


10 


titanium oxide 


15 


15 


indian red 


5 


20 


talc 




5 


colloidal silica 


3 


3 


xylene 


22 


22 


butanol 


5 


5 



so 



Evaluation 



25 



The respect.ve compositions prepared in examples 1 79-196 and comparative examples 45-46 was applied on sur- 
face of acrylic plate (300 mm x 100 mm x 2 mm) and dried so that the thickness of the paint film is about 200 am The 
plate was soaked into 1 m depth of sea at the temperature of 1 2- 1 8 °C. After 1 , 2, 4, 8, and 1 2 months, settled animals 
such as barnacles and tubeworms, and plants such as algae and green algae, on the surface of the plate were observed 
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with naked eyes. Antifouling effect was determined by % of the settled area. The results are Shown in table 21. 
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Claims 

40 

1 . A method for preventing settlement of aquatic fouling organisms on surface of an aquatic structure, comprising of 
a step of producing bio-jelly on the surface. 

2. A method of Claim 1 , wherein thickness of the bio-jelly is about 0.3-6 mm. 

45 

3. A method of Claim 1 , wherein at least about 60 % by weight of the bio-jelly is composed of neutral monosaccharide 
selected from the group consisting of rhamnose, mannose, arabinose, glucose and a mixture thereof. 

4. A bio-jelly producing agent comprising a compound of the formula: 

50 

A-N=CH-B 

wherein A and B are organic moieties having 3-26 carbon atoms respectively. 

55 
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5. A bio-jelly producing agent of claim 4, wherein the compound is a benzylidene aniline derivative of the formula I: 

(Y)n 





ff V N = c H-f ^ ( I ) 



(X)m 



wherein n and m are integers of 0-5 respectively, X may be same or different and is selected from the group consisting 
of halogen, hydrocarbon or alkoxyl having 1-20 carbon atoms, nitro, amino, hydroxy!, carboxyl, ester, cyano, azo 
and azomethine group, Y may be same or different and is selected from the group consisting of halogen, hydrocarbon 
75 or alkoxy having 1-20 carbon atoms, nitro, amino, hydroxyl, carboxyl, ester, cyano, azo and azomethine. 

6. A bio-jelly producing agent of claim 5, wherein the benzylidene aniline derivative has the formula II: 

20 2 




/ V N = CH -f"\-Y' (II) 



wherein X' is selected from the group consisting of hydrogen, halogen, hydroxyl and nitro; Y is selected from the 
group consisting of chloro and methyl; and 2 is selected from the group consisting of hydrogen and hydroxy!; and 
at least two of X', Y\ and Z are hydrogen atoms. 

so 7. A bio-jelly producing agent comprising of a compound having a styryi or a cinnamoyl group of the formula III: 

(CH 2 =CH)p R 

35 <^\- C = CHX" (III) 

(Y")q^=/ 



wherein X" is selected from the group consisting of hydrogen, carboxyl, hydroxymethyl, aldehyde, carbonyl and 
40 amide, when X" is carboxyl, it may be an ester or a salt thereof; Y" is selected from the group consisting of halogen, 
alkyl, halogenated alkyl, nitro. alkoxy, carboxyl, ester, cyano, azo, azomethine, amino, alkoxysilyl and alkoxysilylalkyl; 
R is selected from the group consisting of hydrogen, alkyl and halogen; q is an integer of 0-2 and p is an integer of 
0 or 1. 

45 8. A bio-jelly producing agent of claim 7, wherein the compound having a styryi or a cinnamoyl group is selected from 
the group consisting of cinnamic acid, cinnamic acid ester, cinnamate salt, styrene, divinylbenzen and a-substituted 
styrene. 

9. A bio-jelly producing paint composition comprising of a bio-jelly producing agent of any one of claims 4^8 and a 
so binder resin. 

10. A bio-jelly producing paint composition of claim 9. wherein Tg of the binder resin is 15-120 °C. 

11. A bio-jelly producing paint composition of daim 9, wherein paint film of the composition shows a degree of film 
55 consumption of 20-40 M-m/month. 
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1 2. An antifouling agent comprising of a compound of the formula IV: 



10 wherein X"' is nitrogen or C-Y'", wherein Y" ( is NH 2 , N0 2l S0 3 H, CHO or COOH, R' is a hydrocarbon or an alkoxy 

having 1-20 carbon atoms; when Y' M is NH 2 , N0 2 , or CHO, Ft' may be hydrogen. 

13. An antifouling agent of claim 12, wherein R' is a hydrocarbon or an alkoxy of 6-12 carbon atoms. 
15 14. An antifouling agent of claim 12, wherein R' is at para position to X". 

15. An antifouling paint composition comprising of an antifouling agent of any one of the claims 12-14 and a binder resin. 
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